Introduction {#Sec1}
============

Although the Higgs boson discovery by the ATLAS \[[@CR1]\] and CMS \[[@CR2]\] collaborations imposes strong constraints on theories beyond the Standard Model (SM), the extreme fine tuning in quantum corrections required to have a light fundamental Higgs boson \[[@CR3], [@CR4]\] suggests that the SM may be incomplete, and not valid beyond a scale of a few TeV. Various dynamical electroweak symmetry breaking scenarios which attempt to solve this naturalness problem, such as Minimal Walking Technicolor \[[@CR5]--[@CR8]\], Little Higgs \[[@CR9]\], or composite Higgs models \[[@CR10], [@CR11]\], predict the existence of new resonances decaying to a vector boson plus a Higgs boson.

Using the full dataset collected by the ATLAS detector at 8 TeV centre-of-mass energy at the Large Hadron Collider, a search is performed for a heavy resonance decaying to *VH*, where *V* is a *W* or *Z* boson and *H* is the SM Higgs boson. This analysis looks for the leptonic decay of the *W* or *Z* boson and the Higgs decay into a *b*-quark pair. Therefore the selected final states are: zero charged leptons targeting $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{VH}$$\end{document}$) for a localized excess. The signal strength and the background normalization are determined from a likelihood fit to the data distribution in the three channels studied.

As a benchmark, the Minimal Walking Technicolor model (MWT) is used, a model with strongly coupled dynamics. This model predicts two triplets of resonances, $\documentclass[12pt]{minimal}
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A simplified approach based on a phenomenological Lagrangian \[[@CR15]\] that incorporates Heavy Vector Triplets (HVT), which allows the interpretation of the results in a model-independent way, is also used. Here, the new heavy vector bosons, $\documentclass[12pt]{minimal}
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                \begin{document}$$V'^{\pm ,0}$$\end{document}$, couple to the Higgs and SM gauge bosons via a combination of parameters $\documentclass[12pt]{minimal}
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                \begin{document}$$c_F$$\end{document}$, which represent the couplings to the Higgs and the fermions respectively, are expected to be of order unity in most models. Two benchmark models \[[@CR15]\] are used here. In the first model, referred to as *model A*, the branching fractions to fermions and gauge bosons are comparable, as in some extensions of the SM gauge group \[[@CR16]\]. For *model B*, fermionic couplings are suppressed, as for example in a composite Higgs model \[[@CR17]\].

The three final states presented in this Letter have been extensively studied for non-resonant production in ATLAS \[[@CR18]\]. Moreover, a search for a pseudoscalar resonance in the $\documentclass[12pt]{minimal}
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                \begin{document}$$\nu \nu b {\bar{b}}$$\end{document}$ channels has already been published by ATLAS, setting limits on two-Higgs-doublet models \[[@CR19]\]. Other searches for particles occurring in MWT and HVT models have been conducted by the ATLAS \[[@CR20], [@CR21]\] and CMS \[[@CR22]\] collaborations.

The ATLAS detector {#Sec2}
==================

The ATLAS detector \[[@CR23]\] is a general-purpose particle detector used to investigate a broad range of physics processes. It includes inner tracking devices surrounded by a superconducting solenoid, electromagnetic and hadronic calorimeters and a muon spectrometer. The inner detector (ID) provides precision tracking of charged particles with pseudorapidity[1](#Fn1){ref-type="fn"}  $\documentclass[12pt]{minimal}
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The ATLAS detector has a three-level trigger system to select events for offline analysis.

Data and Monte Carlo samples {#Sec3}
============================
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                \begin{document}$$\ell \nu b{\bar{b}}$$\end{document}$ final state were collected using single-electron and single-muon triggers with transverse momentum ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Simulated Monte Carlo (MC) samples for the MWT benchmark model use the implementation \[[@CR25]\] in [Madgraph5]{.smallcaps} \[[@CR26]\], with the Higgs boson mass set to 126 GeV. The parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{g}$$\end{document}$ is set to 2 for signal generation. Constraints on other values of this parameter can be set using the same samples since the kinematic distributions do not depend on $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{g}$$\end{document}$. The parameter *S*, which is an approximate value \[[@CR27]\] of the Peskin--Takeuchi *S* parameter \[[@CR28]\] which measures potential new contributions to electroweak radiative corrections, is set to 0.3, in accordance with the recommendations in Ref. \[[@CR29]\].

Signal samples for the HVT model are also generated with [Madgraph5]{.smallcaps}. The parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$c_F$$\end{document}$ is assumed to be the same for quarks and leptons including third-generation fermions. Other parameters involving more than one heavy vector boson, $\documentclass[12pt]{minimal}
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                \begin{document}$$c_{VVW}$$\end{document}$, have negligible effect on the overall cross sections for the processes of interest here. For all signal events, parton showering and hadronization is performed with [Pythia8]{.smallcaps} \[[@CR30], [@CR31]\] and the [CTEQ6L1]{.smallcaps} \[[@CR32]\] parton distribution functions (PDFs) are used. Benchmark signal samples are generated for a range of resonance masses from 300 to $\documentclass[12pt]{minimal}
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MC samples are used to model the shape and normalization of most SM background processes, although some are later adjusted using data-based corrections extracted from control samples. The production of *W* and *Z* bosons in association with jets is simulated with [Sherpa]{.smallcaps} 1.4.1 \[[@CR33]\] using the [CT10]{.smallcaps} PDFs \[[@CR34]\]. Top quark pair production is simulated using [Powheg]{.smallcaps} \[[@CR35], [@CR36]\] with the [Powheg-BOX]{.smallcaps} program \[[@CR37]\] interfaced to [Pythia6]{.smallcaps}, using the [CTEQ6L1]{.smallcaps} PDFs. In this analysis, the final normalizations of these dominant backgrounds are constrained by the data, but theoretical cross sections are used to optimize the selection. The cross sections are calculated at NNLO accuracy for *W* / *Z*+jets \[[@CR38]\] and at NNLO+NNLL accuracy for $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ \[[@CR39]\]. Single top quark production is simulated with [Powheg]{.smallcaps} and [AcerMC]{.smallcaps} \[[@CR40]\] interfaced to [Pythia6]{.smallcaps}, using the [CTEQ6L1]{.smallcaps} PDFs, and the cross sections are taken from Ref. \[[@CR41]\]. Diboson production (*WW*,*WZ*,*ZZ*) is simulated using [Powheg]{.smallcaps} interfaced to [Pythia8]{.smallcaps}, using the [CT10]{.smallcaps} PDFs, and the cross sections are obtained at NLO from [mcfm]{.smallcaps} \[[@CR42]\]. Finally, SM Higgs boson production in association with a *W* / *Z* boson is simulated using [Pythia8]{.smallcaps} with the [CTEQ6L1]{.smallcaps} PDFs, and considered as a background in this search. It is scaled to the SM cross section \[[@CR18]\].

All MC simulated samples include the effect of multiple *pp* interactions in the same and neighbouring bunch crossings (pile-up) by overlaying simulated minimum-bias events on each generated signal or background event. The number of overlaid events is such that the distribution of the number of interactions per *pp* bunch crossing in the simulation matches that observed in the data, with on average 21 interactions per bunch crossing. The generated samples are processed through the [Geant4]{.smallcaps}-based ATLAS detector simulation \[[@CR43], [@CR44]\] or a fast simulation using a parameterization of the performance of the calorimetry and [Geant4]{.smallcaps} for the other parts of the detector \[[@CR45]\]. Simulated events are reconstructed with the standard ATLAS reconstruction software used for collision data.

Object reconstruction {#Sec4}
=====================

The physics objects used in this analysis are electrons, muons, jets and missing transverse momentum.
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                \begin{document}$$p_{\mathrm{T}}\,> 7$$\end{document}$ GeV from energy clusters in the electromagnetic calorimeter that are matched to tracks in the inner detector \[[@CR46]\]. Quality requirements based on the calorimeter cluster and track are applied to reduce contamination from jets.

Muons are reconstructed in the muon spectrometer in the range $\documentclass[12pt]{minimal}
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Lepton candidates are required to be isolated to reduce the multijet background. The scalar sum of the transverse momenta of tracks with $\documentclass[12pt]{minimal}
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Jets are reconstructed using the anti-$\documentclass[12pt]{minimal}
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Event selection and reconstruction {#Sec5}
==================================
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It is not possible to accurately reconstruct the invariant mass of the *ZH* system due to the missing neutrinos, so the transverse mass is used as the final discriminant: $\documentclass[12pt]{minimal}
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------------------------------------------------------------------------------

In order to suppress the multijet background and ensure the single-lepton triggers are fully efficient, tighter identification criteria are placed on the lepton in this channel. The lepton $\documentclass[12pt]{minimal}
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The multijet background is further reduced by requiring $\documentclass[12pt]{minimal}
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-------------------------------------------------------------------------------

Events in this channel are selected by requiring two reconstructed leptons of the same flavour with opposite charge. In order to reduce the multijet background while keeping a high signal acceptance, tighter requirements are placed on one of the leptons. These tighter electrons or muons must have $\documentclass[12pt]{minimal}
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The invariant mass of the two leptons and two jets is used to reconstruct $\documentclass[12pt]{minimal}
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Background estimation {#Sec9}
=====================

All backgrounds except the multijet background are estimated from simulation, with data-based corrections for the dominant *W* / *Z*+jets background as described in the following. The rate and shape of the multijet (MJ) background are estimated with data-driven methods.

The MJ background is estimated in the 0-lepton channel using an "ABCD method" based on two uncorrelated variables: $\documentclass[12pt]{minimal}
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In the 1-lepton channel, the MJ background is determined separately for the electron and muon sub-channels. An MJ-background template is obtained from an MJ-dominated region after subtracting the small contribution from the other backgrounds. An MJ-dominated region is obtained by loosening the lepton identification requirements and reversing the isolation criteria. A binned fit of the full $\documentclass[12pt]{minimal}
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The *W* / *Z*+jets simulated samples are split into different components according to the true flavour of the jets, i.e. $\documentclass[12pt]{minimal}
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The background contributions from single top quark and diboson production are normalized to the number of background events predicted by simulation while the $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec10}
========================

The most important experimental systematic uncertainties come from the jet energy scale (JES) and *b*-tagging efficiency.

The JES systematic uncertainty arises from several sources including uncertainties from the in-situ calibration, the corrections dependent on pile-up and the jet flavour composition \[[@CR52]\]. The fractional systematic uncertainty on the JES ranges from 3 % for a 20 GeV jet to 1 % for a 1 TeV jet.

The uncertainty due to the jet energy resolution is also considered. It varies from 20 % for a jet with $\documentclass[12pt]{minimal}
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Other experimental systematic uncertainties that have a smaller impact are those on the lepton energy scale and identification efficiency and the efficiency of the triggers.

In addition to the experimental systematic uncertainties, uncertainties are taken into account for possible differences between data and the simulation model that is used for each process. For the background modelling uncertainties the procedure described in Ref. \[[@CR18]\] is followed. The *Z*+jets and *W*+jets backgrounds include uncertainties on the relative fraction of the different flavour components, and shape uncertainties on the modelling of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{VH}$$\end{document}$ distributions. The uncertainty on the MJ background shape in the 1-lepton channel is evaluated by using alternative templates obtained by changing the definition of the data sidebands. The uncertainty on the MJ background normalization is taken to be 100, 30 and 50 % for the 0-, 1- and 2-lepton channels, respectively. These are extracted from fits using alternative templates.

The dominant uncertainties on the signal acceptance arise from the choice of PDFs (2--5 %) estimated by comparing the default PDFs to other sets, and from the factorization and renormalization scales (5--10 %) obtained by varying these up and down by a factor of two.Fig. 1Distributions of the reconstructed, **a** transverse mass $\documentclass[12pt]{minimal}
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The reconstructed mass distributions for events passing the selection are shown in Fig. [1](#Fig1){ref-type="fig"}. The background expectation is shown after the profile likelihood fit to the data. Table [1](#Tab1){ref-type="table"} shows the number of events expected and observed in each final state.Table 1The number of expected and observed events for the three final states. The expectation is shown after the profile likelihood fit to the data. The quoted uncertainties are the combined systematic and statistical uncertainties. The overall background is more constrained than the individual components, causing the errors of individual components to be anti-correlated
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A search for a new heavy resonance decaying to *WH* / *ZH* is presented in this Letter. The search is performed using 20.3 fb$\documentclass[12pt]{minimal}
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ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upward. Cylindrical coordinates $\documentclass[12pt]{minimal}
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